This study identified flavonoid glycosides in species of the genus Alchemilla, A. procerrima, A. stricta, A. hirtipedicellata and A. sericata. A. procerrima is an endemic species for Turkey. After detailed investigation, flavonoid compounds of the species were identified for the first time. In this study, flavonoid compounds were determined by using two different chromatography techniques, TLC and HPLC. The following flavonoid compounds were identified from the Alchemilla species studied. They are as follows: orientin ( were also identified for the first time in this study. Rutin (quercetin-3-O-rutinoside) and the flavonoid glycoside, shown as Rf 2 were found in all species. Quercitrin and isoquercetin were determined in all analysed species but A. procerrima. Hyperoside was identified in all species except for A. stricta. Vitexin was determined only in A.stricta. Orientin was determined in A. procerrima and A. stricta, but could not be determined in A. sericata and A. hirtpedicellata. Unknown flavonoid with Rf 1 and Rf 3 were determined outside of A. sericata. Description of these compounds in Turkish Alchemilla plants for the first time should be viewed as a discovery of an important chemosystematic feature.
Introduction
The genus Alchemilla L. belongs to the Rosaceae family. This large family includes herbaceous and woody plants. Zomlefer (1994) recognised the family as a monophyletic group. Based upon the gynoecial and fruit characters, the family is typically divided into four subfamilies. Approximately 115 genera and 3,500 species of this family have a much larger spread along the Northern Hemisphere. Berry-like fruits of the family members used as food are particularly important. Furthermore, these plants are used as ornamental plants in parks and gardens (Seçmen et al., 2000) .
Alchemilla was first described by Linnaeus (1753) . The genus is included in the tribus Sanguisorbaeae of Rosoideae subfamily. Alchemilla species are represented by more than 1,000 species, often spread along the Holarctic region. They can also be found in Ceylon, East Indies, the Cape Mountains and East Africa (Hayırlıoğlu-Ayaz and İnceer 2009; Izmailow 1981; Fröhner 1995) . Alchemilla is divided into seven sections; European material in two sections, section Brevicaules and section Brevicaules by Rothmaler (Gehrke et al. 2008 ). According to the records of the Flora of Turkey, all Alchemilla species distributed in Turkey belong to the section Alchemilla (Pawlowski and Walters, 1972) . They are further subdivided into three subsections (Chirophyllum Rothm., Heliodrosium Rothm. and Calycanthum Rothm.) and 6 series (Saxatiles Bus., Sericeae Bus., Pubescentes Bus., Vulgares Bus., Elatae Rothm. and Calycinae Bus.) The majority of Turkish Alchemilla species are distributed along the northern Anatolia (Pawlowski and Walters, 1972) . Except for a few species, embryological studies have shown that, the genus Alchemilla has apomictic features (Strasburger, 1905; Murbeck, 1901) .
Flavonoids are plant-based compounds and are commonly found in nature. The very first was derived from a lemon peel and called vitamin P (Rusznyak and Györgyi, 1936) . Its use to reduce capillary permeability and fragility has increased the importance of flavonoids. As of today, more than 4,000 flavonoids have been isolated and analyzed for their structure using different chemical methods (Bilaloğlu and Harmandar, 1999) .
Flavonoids are among the most important groups of natural products, and are widespread in nature. Some group members, such as those found to be the plant constituents that contribute to the formation of its colour, are very influential when it comes to physiological activity (Harborne et al., 1975) . Studies of these compounds have found that they are not only concerned with discoloration, they also protect against UV lights and plant pathogens (bacteria and fungi), as well as agents capable of impairing biochemical functions, such as antioxidants and enzyme inhibitors (Harborne et al., 1975; Harborne and Mabry, 1982) , In their study of roles played by flavonoids present in plants, Smith and Banks (1986) demonstrated their impact on energy conversion and growth hormone by acting on regulation, respiration and photosynthesis, and their ability to defend a plant against infectious diseases. Moreover, Bilaloğlu and Harmandar (1999) (1993) showed that certain flavonoid compounds may be used with success. This study was done to identify flavonoids in Alchemilla species of Turkey.
Materials and methods

Standards and solvents
In this study, quercetin, rutin, isorhamnetin, kaempferol, apigenin, and luteolin were used as standards; they were obtained from Sigma-Aldrich (St. Louis, MO, USA). The remaining standards hyperoside, quercitrin, isoquercitrin, vitexin, orientin, myricetin, naringenin, hesperidin were obtained from Extrasyntese (Genay / France). All solvents including those of HPLC were of analytical grade and were obtained from Riedel-de Haen Company (Seelze, Germany). Thin layer chromatography silica gel 60 F254 aluminium plates, measuring 20 x 20 cm in size and having a 0.1 mm thickness were obtained from Merck (Darmstadt / Germany).
Plant material
Alchemilla L. species were collected in July 2008 in Trabzon on the highway which connects it with Gümüşhane. Their botanical identity was confirmed by one of the authors (Y.M.).
Extraction of flavonoid compounds
Extraction method used in this study was a modification of the method exercised by Mingbo et al. (2005) . Dried and powdered plant material (10 gr) was successively extracted in a flask using 50 % aqueous ethanol. The extract was subjected to maceration process taking place in an incubator for four hours at 150 rpm, 50 °C. The plant material was left to macerate for 20 hours. Following this procedure, the extract was filtered using a blue band filter paper and Buchner funnel. The hydroalcohol solution was evaporated to dryness under a reduced pressure. Hydrolic extract was treated with petroleum ether (40°-60°) in a separation funnel and transferred in the aqueous phase to another separation funnel. After ethyl acetate was added, the funnel was gently mixed. It was found that ethyl acetate was a part of the separation funnel. The ethyl acetate was evaporated to dryness under a reduced pressure. The soluble material (0.7 -0.8 g) was subjected to thin layer chromatography and HPLC. This extract was used for chromatographic analysis. Three thousand (3000) micrograms of this extract were dissolved in 1 ml methanol. Some of these samples were diluted and made available for TLC and HPLC chromatographic analysis.
Analysis of flavonoid glycosides using TLC
The following standard solutions were prepared. Each flavonoid (5 mg) was dissolved in 10 ml methanol. TLC was performed using silica plate according to Wagner and Bladt (1996) . These plates were actually aluminium sheets coated with silica gel GF 254 (Merck 20x20 cm). Flavonoids were analyzed on TLC plates. Concentrated ethyl acetate solution was directly filled with standard flavonoid solutions 1 cm from the bottom (as spots) using a capillary tube on the silica plates and using ethyl acetate: acetic acid: formic acid: water (100:11:11:27 v/v) as a running (mobile phase) solvent. Suitable mobile phase was loaded into a tank. After that, at least half an hour of solvent vapourisation inside the running tank was expected to achieve balance. Then a plate was developed in a balanced running tank. The running process was allowed to leave the mobile phase to reach the top point of up to 1.5 cm. The developed plates were removed from the tank and then dried in a fume cupboard. Coloured and colourless bands emerged on the plate under the UV light at λ=254 nm. Then all spots on the dried plate were treated with NP and PEG (Natural Product Reagent (1% methanol diphenylboryloxyethylamine) / Poly Ethylen Glycol 4000 (5% ethanol polyethylene glycol 4000)) and colourless spots emerged under the UV light at λ=365 nm. On chromatograms, flavonoids appeared as orange-yellow bands or spots. Flavonoids were determined by virtue of comparison with Rf values and colour characteristics of the standards. R f values of the standards are given in Table 1 . The chromatograms are shown in Figure 1 . Chromatogram of each plant species can be seen on two specific photographs. The actual photo has a navy blue background. The other is a reversal of the colours obtained after manipulation.
Analysis of flavonoid glycosides using HPLC
Qualitative analysis of flavonoid glycosides was completed using a high performance liquid chromatography with direct injection auto-sampler. Qualification was carried out using HPLC Dionex (U.S.A). The system consists of a ASI-10 auto-sampler, a P580 pump, STH 585 column heater and UVD 170S UV visible detector. Data were collected and analyzed using Chromelon chromatography software (Fang et al., 2007) . Separation and identification was carried out using C18 silica column. This column was 250 x 4.6 mm i.d. 5 µm particle size (Dionex Corp., USA). Column was placed in the oven set at 27 degrees Celsius. The flow rate was adjusted to 1ml/min isocratic elution. Mobile phase made use of acetic acid-methanolwater (5:36:59). Before loading, sample mobile phase was put onto the column. The injection volume was adjusted to 10 µl. The 423 monitoring peaks were detected at 254, 280 and 360 nm using the automated Chromelon chromatography software. The Alchemilla samples, standard solutions and mobile phases were filtered using a 0.45-μm pore size membrane filter. The filtered standard and ethyl acetate extract were injected under these conditions. The identity of HPLC peaks was confirmed using the injection of authentic standards. The purity of each peak identified in Figure 2 was determined by virtue of comparison of the UV spectra at the upslope and down-slope inflexion points. 
Results and Discussion
Flavonoid glycosides of Alchemilla L. species were determined. Flavonoid glycosides and their type present in Alchemilla species were identified using chromatographic techniques. Selected chromatographic techniques were used in combination with each other. The obtained TLC and HPLC data were mutually supportive. TLC was started first and made use of standard silica layers. On these layers, ethanolic extracts were applied together with standard flavonoid glycosides. Standards and extracts applied on TLC plates were compared for their Rf values. Extracts and standard flavonoids compounds were determined by TLC analysis. Table 2 . HPLC studies were done in the above-described manner using liquid chromatography. Flavonoid glycosides obtained in this study were analyzed and compared with literature data. They were generally proven to be the same as those obtained from the Rosaceae family. Most of the Turkish Alchemilla species are distributed in Northeast Anatolia (Turkey) and the genus includes many endemic species. Studies devoted to flavonoids of the genus Alchemilla have been found to be very few in numbers. (3) glycosides: 3-glucoside (91%), 3-glucuronide (62%), 3-rutinoside (63%), 3-sophoroside (69%), 7-glucoside (90%)) and 4'-glucoside (4%), and seven unidentified flavonols, and two cyanidin glycosides, 3,5-diglucoside (68%) and 3-glucoside (16%) and two peonidin glycosides; 3,5-diglucoside (41%) and 3-glucoside (4%) and two unidentified anthocyanins. From the flavonoid distribution patterns of this analysis, 120 taxa in the subgenus Rosa were divided into three groups.
Studies aiming to determine flavonoid contents of the genus Alchemilla are only few in number. According to the literature, flavonoid contents of Alchemilla species are generally quercetin derivatives. The results of this study are similar to the information given in the literature for Rosaceae family and Alchemilla species. In this study, four flavonol glycosides and two flavone glycosides were found for the first time in four Alchemilla species, A. procerrima, A. stricta, A. hirtpedicellata and A. sericata. The flavonoids determined in this study are flavonol O-glycosides and flavone C-glycosides. This is the first determination of flavone C-glycosides, orientin (luteolin-8-C-glucoside) and vitexin (apigenin-8-C-glucoside), and flavonol O-glycosides, hyperoside (quercetin-3-O-galactoside) and quercitrin (quercetin-3-O-rhamnoside) in Alchemilla. In addition to other flavonoids, rutin (quercetin-3-O-rutinoside) was determined in all and isoquercitrin (quercetin-3-O-glucopyranoside) in three Alchemilla species studied for the first time ever.
